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ABSTRACT

AIms: we investigate whether insulin resistance is associated with an increased prevalence for chronic kidney disease
irrespective of the concurrent presence of metabolic syndrome. Methods: 1638 patients with abdominal obesity were
selected. Metabolic syndrome and abdominal obesity were defined according to the International Diabetes Federation
criteria. Insulin resistance was defined by Homeostasis Model Assessment Index >P75. Chronic kidney disease was
defined by the presence of a low estimated glomerular filtration rate (<60 ml/min/1.73 m?) or microalbuminuria (30
mg/g - 300 mg/g. albumin/creatinine ratio). Results: metabolic syndrome was present in 1030 (62.9%) patients and
insulin resistance in 787 (48%). Conversely 61% of those with metabolic syndrome were insulin resistant and 79% of
those with insulin resistance had metabolic syndrome. Chronic kidney disease was present in 18%. In multivariate
analysis, chronic kidney disease was increased in subjects with insulin resistance (odds ratio [OR] = 1.350; CI 95%:
1.021 - 1.785; p = 0.035) and in those with metabolic syndrome (OR = 1.417; CI 95%: 1.045 - 1.922; p = 0.025). Con-
clusions: Metabolic syndrome and insulin resistance were significant and independently associated with chronic kidney
disease in nondiabetic adults with abdominal obesity.
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1. Introduction its web page [6] a new definition of the MS based on a
consensus work of a worldwide group of endocrinolo-
gists. According to this group, the reasons for a new
definition that could meet with universal acceptance, in
contrast to that of the ATP-III, was to allow easy identi-
fication in clinical practice, worldwide, of those indi-
viduals with the syndrome, taking into account the dif-
ferent ethnics. Hence, classifying a subject as having MS
would require the presence of central obesity (with dif-
ferent cut-off points depending on the country and ethnic
group) in addition to two other criteria, the same as those
of the ATP-III. The importance of the MS as a chronic

The metabolic syndrome (MS) describes the association,
in the same subject, of several traits such as central obe-
sity, hypertension and dyslipidaecmia, all of them very
common conditions in developed countries. Its frequency
has increased in parallel to that of global obesity and
diabetes epidemic [1]. Several studies show that the
presence of MS is associated to an increased risk for both
cardiovascular disease [2,3] and type 2 diabetes mellitus
(T2DM) [4]. In 2001 the National Cholesterol Education
Program-Adult Treatment Program III (ATP-III), high-
lighted that the MS deserved more attention as an influ-

ence of cardiovascular (CV) risk, apart from the classical
risk factors, and proposed some diagnostic criteria which
could be easily used in clinical practice [5]. In April 2005,
the International Diabetes Federation (IDF) published in
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cardiovascular risk factor and the role of insulin resis-
tance (IR) as its principal underlying cause have been
under discussion recently [7].

The presence of chronic kidney disease (CKD) is an
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independent predictor of future CV events [8-11] and in
the last years several studies have demonstrated that the
MS increases the risk of developing microalbuminuria
and renal failure [12-20]. However, just a few studies use
the new proposed IDF criteria with different results with
respect their association with CKD or microalbuminuria
[15,18]. Furthermore, they do not include IR in their
analysis. Insulin resistance and concomitant hyperinsu-
linemia are presented in CKD patients in nondiabetic US
adults [21]. The present work was directed to analyse the
information of an observational Spanish study in adult
population (DESIRE study) [22] in order to investigate
the association of insulin resistance with the risk of
chronic kidney disease (CKD) in a non diabetic popula-
tion. Our main objective was to study if IR is associated
with the presence of CKD irrespective of whether there is
concurrent MS or not.

2. Subjects, Materials and Methods

This is a sub analysis of the DESIRE study [22], a pro-
spective observational cohort study involving 280 physi-
cians (including Primary Care and Endocrinologists) and
2341 subjects >45 years identified through primary care
centres in Spain. The main objective of the DESIRE
study was to assess the frequency of the metabolic syn-
drome and insulin resistance in an adult population as-
signed to Primary Care centres. From the initial sample
of 2341 subjects selected, 211 did not have the inclusion
criteria (abdominal obesity by IDF criteria for European
population and basal plasma glucose >90 mg/dl). We
chose the IDF definition of MS, instead of that of the
ATP-III because the IDF abdominal perimeter cut-off
point was one of the selection criteria used in the DE-
SIRE study. In addition, as the IDF has included ab-
dominal obesity as a mandatory criterion for MS, it turns
out to be more in consonance with our objective, as it is,
among the MS components, the most frequently related
with IR [23]. In this sub analysis, within the resting 2130
group, patients with a previous diagnosis of T2DM (492,
23%) were excluded and finally we selected 1638 sub-
jects who met the mandatory inclusion criterion of waist
circumference >94 cm. in males and >80 cm. in women
for the diagnosis of MS according to the IDF for Euro-
pean population [6] (Table 1). These nondiabetics pa-
tients with abdominal obesity were referred to hospital
for metabolic disorders detection (MS and/or IR) In addi-
tion to the waist circumference, diagnosis of MS required
the presence of at least two of the following diagnostic
criteria: triglyceride fasting level >150 mg/dl, HDL-
cholesterol <40 mg/dl in males and <50 mg/dl in females,
fasting plasma glucose >100 mg/dl, systolic blood pres-
sure >130 mm Hg or diastolic >85 mm Hg or specific
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treatment for each of these conditions.

The protocol and informed consent form were reviewed
and approved by the Research Ethics Committee of the
Hospital General Universitario of Valencia and all sub-
jects signed an informed consent before entering the
study. Reporting of the study conforms to STROBE state-
ment along with references to STROBE and the broader
EQUATOR guidelines.

2.1. Analytical Determinations

A complete evaluation was made through medical history
and physical examination for all subjects at inclusion.
Fasting blood samples were taken from each subject and
processed in a central laboratory. The biochemical pa-
rameters such as plasma glucose, HDL-cholesterol and
triglycerides were determined with enzymatic colorimetric
method (CHOD-PAP, Roche Diagnostics). Urinary albu-
min concentration was determined using the nephelome-
try technique (Nephelometer-BNII, Dade Behring). Insu-
lin concentration was determined using radioimmunoas-
say (double antibody, LINCO). Blood pressure was meas-
ured according to the recommendations of the VII Joint
National Committee (JNC-VII) [24]: after at least 5S-minute
rest and having avoided caffeine and smoking for at least
30 minutes prior to measurement. The waist circumfer-
ence (WC) was measured at the level of the umbilical
scar in upright position.

2.2. Other Parameters

Body mass index (BMI) was calculated using Quetelet’s
formula (weight (Kg)/height (m?)). HOMA (Homeostasis
Model Assessment) index was calculated to determine IR
using the formula: value of insulin fasting (uU/ml) X
fasting glycaemia (mg/dl)/405. We calculated the distri-
bution of the above mentioned quantitative variable in
the control group of the study (general population > 45
years) and the cut-off point to be considered insulin re-
sistant was HOMA index > P75. HOMA distribution for
that population was: P25 = 1.71; P50 = 2.32; and P75 =
3.29. Glomerular filtration rate (GFR) was obtained by
the abbreviated MDRD (Modification of Diet in Renal
Disease study) equation: GFR (ml/min/1.73 m?) = 186.3 x
(serum Cr) ** x (age) ***® (x0.742 in female) [25] CKD
was defined as the presence of a low estimated GFR
(MDRD < 60 ml/min/1.73 m®) or albumin creatinine ra-
tio (ACR) of 30 mg/g - 300 mg/g. Both components of
the endpoint (CKD) were analysed also separately.

2.3. Statistical Analysis

Statistical analysis was performed with SPSS 12.0. Data
on quantitative characteristics were expressed as means +
SD. Comparisons between groups were made with the >
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Table 1. Descriptive data {n (%)} at baseline for study group, stratified by gender.

STUDY MEN WOMEN

N = 1638 N = 646 N =992
Age, years 60.9 (9.6) 61.5(9.5) 60.5 (9.6)*
Gender, male vs. female 646 (39.4) - -
BMI, Kg/m? 30.4 (4.3) 30.1 (3.5) 30.6 (4.7)*
Waist circumference, cm. 99.5 (10.2) 104.3 (7.7) 96.3 (10.6)*
Waist/hip circumference 0.92 (0.1) 0.98 (0.05) 0.89 (0.1)*
SBP, mm Hg 136.7 (17.8) 137.6 (17.2) 136.12 (18.1)
DBP, mm Hg 81.7 (10.2) 82.3(10.2) 81.3 (10.2)*
HBP, % 655 (40.0) 248 (38.4) 40.7 (41)
Tobacco, % 272 (16.6) 166 (25.7) 106 (10.7)*
Ne cigarettes/day 15.0 (11.0) 14.9 (11.4) 15.2(10.3)
Alcohol, % 280 (17.1) 223 (34.5) 57 (5.7)*
Alcohol, g/d 29 (50) 33.95(57.7) 17.0 (17.1)*
Previous cardiovascular disease 178 (10.9) 93 (14.4) 85 (8.6)*
Fasting glycaemia, mg/dl 99.5(13.4) 102.2 (14.2) 97.7 (12.5)*
Cholesterol, mg/dl 207.4 (34.2) 201.8 (35.0) 211.1 (33.3)*
HDL-Cholesterol, mg/dl 57.5(14.2) 52 (12.6) 61.2 (15.0)*
Triglycerides, mg/dl 128.1 (84.3) 140.3 (86.3) 120.1 (82.0)*
Insulin, Ul/ml 15.7 (15.5) 16.2 (13.6) 15.4 (16.5)
HOMA 394.2) 4.1(3.6) 3.8 (4.5)
IR, % 787 (49.0) 329 (51.8) 458 (47.1)
Albuminuria, mg/g Cr. 20.0 (132.5) 30.2 (199.9) 12.4 (22.5)*
Microalbuminuria, % 131 (9.3) 68 (11.1) 63 (7.8)*
MDRD 733 (12.5) 772 (13.1) 70.7 (11.4)*
MDRD < 60% 201 (12.5) 47 (7.4) 154 (15.8)*
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Quantitative variables are expressed as mean (SD). Student t-test. Categorical variables are expressed as n (%).Chi-square
statistical test *statistically significant difference between genders (p < 0.05). BMI: body mass index; SBP: Systolic blood
pressure; DBP: Diastolic blood pressure, HBP: High blood pressure; HOMA: homeostasis model assessment; IR: insulin
resistance; MDRD: glomerular filtration rate calculated by the Modification of Diet in Renal Disease equation.

test (nominal data) or Student t test (interval data). Spear-
man’s rank correlation was used to correlate quantitative
variables and logistic regression was used for OR’s cal-
culation. The analyzed variables were MS-IDF and IR in
the first model and IR with each MS factor separately in
the second model, considering potential confounding
variables, including sex, age and BMI. We did not per-
form an adjustment for race because >99% of the in-
cluded population was Caucasian. All P values were two
sided, and differences were considered statistically sig-
nificant for p < 0.05.

3. Results
1638 subjects were finally included in this study. Their
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demographic characteristics are shown in Table 1. The
average age for selected subjects was 60.9 years. Plasma
fasting glycaemia was 99.5 mg/dl. 10.9% of subjects had
a previous cardiovascular event. 9.3% had microalbu-
minuria, 12.5% GFR <60 ml/min/1.73 m? and 18.8% ei-
ther one of these two renal injury markers. Table 1 also
shows the main characteristics distributed by gender,
with no significant differences observed in fasting insulin,
HOMA index or IR prevalence, though women showed a
higher BMI. Males presented a significantly higher
prevalence of smoking habit and alcohol intake, previous
cardiovascular events and microalbuminuria and less
proportion of low estimated GFR.

In Spearman’s bivariate correlation analysis between
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HOMA index and variables associated to the definition
of MS, all the calculated coefficients were statistically
significant, in the sample as a whole and when stratified
by gender (Table 2).

1030 (62.9%) of the selected subjects presented MS
and 787 (48%) IR. Table 3 shows the classification of
patients according to the presence or not of IR and MS
and the defining characteristics of MS (excluding waist
circumference, as this was an inclusion criterion) and of
CKD for each group. All variables showed significant
differences when assessed according to the presence of
MS. When assessed according to the presence of IR all
the variables showed as well significant differences be-
tween groups with the exception of an MDRD < 60 ml/
min.

IR was present in 61% of patients with MS, and 79%
of patients presenting IR had MS. In contrast, 48.5% of
patients without IR had MS and 28.1% of subjects with-
out MS had IR.

We performed a logistic regression analysis in order to
find out which variables (MS and each of its components
and IR, considered as independent categorical variables)
could predict CKD and its components separately among
the 1638 selected subjects. All models were adjusted for
age, gender and BMI. The results are shown in Table 4.
Presence of IR was associated with an increased risk of
low estimated GFR (OR 1.5). However, MS (OR 1.3) did
not show statistical significance with this parameter.
When every component of MS was introduced separately
in the model only triglyceride concentration persisted as

a predictor for reduced GFR. Neither IR nor MS were
predictors for microalbuminuria and only the presence of
hypertension was very strongly associated with it, with
almost three-time higher risk (OR 2.90). When assessing
the presence of either one of the two diagnostic criteria
for CKD, both IR and the MS were significantly associ-
ated, and again the level of triglycerides and hyperten-
sion persisted as independent predictors.

4. Discussion

In our sample, with subjects selected according to the
abdominal obesity criterion of the IDF for European
population, almost half of the group (48%) had IR and

Table 2. Spearman’s correlation coefficients between HOMA
index and each independent factor of Metabolic Syndrome.

Total Men Women
Fasting glycaemia 0.48 0.44 0.53
Triglycerides 0.35 0.30 0.37
HDL-Cholesterol -0.27 -0.25 -0.26
Insulin 0.97 0.97 0.97
Waist perimeter 0.32 0.31 0.32
SBP 0.17 0.18 0.16
DBP 0.16 0.18 0.15

All the coefficients were statistically significant (p < 0.05). SBP: systolic
blood pressure, DBP: diastolic blood pressure.

Table 3. Frequencies of metabolic alterations {n (%)} according to the presence of IR vs. no IR and MS vs. no MS.

No IR IR No MS MS
N=2835 N=2803 N =608 N=1030

IR - - 165 (28.1) 622 (61.0)**
MS 398 (48.5) 622 (79.0)* - -

Glucose-IDF 230 (28.0) 464 (59.0)* 43 (7.1) 653 (63.4)**
HBP-IDF 580 (70.7) 661 (84.0)* 324 (53.3) 938 (91.1)**
HDL cholesterol-IDF 305 (37.2) 400 (50.8)* 67 (11.0) 650 (63.1)**
Triglycerides-IDF 156 (19.0) 305 (38.8)* 18 (3.0) 445 (43.2)**
MDRD <60 98 (12.0) 103 (13.1) 59 (10.0) 142 (13.9)**
Microalbuminuria >30 52(7.2) 79 (11.4)* 33(6.5) 98 (10.8)**
Chronic kidney disease 141 (17.2) 167 (21.2)* 85 (14.0) 223 (21.7)**

Prevalence for each parameter in insulin resistant patients or not and with MS or not. Chi-square test for each or Student t-test. *Statistically significant differ-
ence between IR and no IR groups (p < 0.05); **Statistically significant difference MS and no MS groups (p < 0.05). IR: insulin resistance; No IR: No insulin
resistance; MS: metabolic syndrome; No MS: no metabolic syndrome; HBP: High blood pressure; MDRD: glomerular filtration rate calculated by the Modi-

fication of Diet in Renal Disease equation.
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Table 4. Multivariate analysis for the two different criteria for target organ damage (renal)*.

MDRD < 60 ml/min/1.73 m?

MDRD < 60 ml/min/1.73 m?

ACR > 30 mg/g or ACR > 30 mg/g

OR 1C 95% p-value OR 1C 95% p-value OR 1C 95% p-value
Insulin resistance 1.51 1.08 -2.10 0.016 1.38 0.92 -2.06 N.S 1.35 1.02-1.79 0.035
Metabolic Syndrome 1.37 0.95-1.99 N.S 1.23 0.79 - 1.92 N.S 1.42 1.05-1.92 0.025

MDRD < 60 ml/min/1.73 m?

MDRD < 60 ml/min/1.73 m?

ACR > 30 mg/g or ACR > 30 mglg

Insulin Resistance 1.27 0.89-1.82 N.S 1.34
HBP-IDF 1.38 0.86-2.22 N.S 291
HDL Cholesterol-IDF 1.14 0.82-1.59 N.S 0.86
Triglycerides-IDF 1.60 1.13-2.27 0.009 1.29
Glucose-IDF 1.21 0.86 - 1.72 N.S 0.98

0.92 -2.06 N.S 1.25 0.93-1.69 N.S
1.44 -5.87 0.003 1.96 1.32-2.90 0.001
0.59-1.26 N.S 1.05 0.80-1.38 N.S
0.86 - 1.94 NS 1.50 1.13-1.99 0.006
0.66 - 1.45 N.S 1.19 0.84 -1.58 N.S

*Logistic regression models adjusted by gender. Age and BMI for target organ damage (renal) defined by MDRD < 60. Microalbuminuria > 30 or any one of
them. In the first model insulin resistance and metabolic syndrome are included; the second analysis includes insulin resistance and each component of meta-
bolic syndrome separately. MDRD: glomerular filtration rate calculated by the Modification of Diet in Renal Disease equation; ACR: albumin/creatinine ratio;

HBP: High blood pressure; N.S: not significant.

63% MS (with at least 2 more IDF criteria). This con-
firms the importance of abdominal obesity (even when
defined by a cut-off point 8 cm lower than that of the
ATP-III criteria) in the screening of subjects with high
CVR profiles. Nevertheless, the mean WC (104 cm in
men and 96 cm in women) in our patients with abdomi-
nal obesity was higher than the ATP-III cut-off point
(102 cm and 88 cm respectively). We should emphasize
that among the MS components only the triglycerides
persisted as an independent variable associated with the
presence of abdominal obesity (in addition to BMI, age
and gender).

A high percentage (79%) of our patients with IR had
MS as well, but only 61% with MS proved to be insulin
resistant. These findings differ from other studies in
which authors find a higher proportion of IR in patients
with MS and a lower incidence of MS in the subjects
with IR [26-28]. The explanation proposed for this ob-
servation is that having the glucose criteria selects a
higher proportion of IR in the group of patients with MS.
In our population only 63.4% of the subjects with MS
had plasma glucose levels >100 mg/dl (Table 3), whilst
the most frequently observed criterion was the presence
of hypertension (91%). In addition the mean glycaemia
in the study group as a whole was <100 mg/dl. These
disagreements, in any case, have been part of the back-
ground for the criticism raised by the American Diabetes
association (ADA) [7] indicating that MS does not reflect
the presence of a single pathophysiological substrate (IR),
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but rather that its origin might be based in a variety of
reasons. Thus, the magnitude of concordance between
MS and IR would change according to the analysed
populations and the MS criteria present in those. Never-
theless, on the basis of published evidence, it is reason-
able to think that IR is a major cause of MS [29]. Since
IR represents an independent CVR [30-32] its presence
in subjects without MS would result in not detecting a
significant percentage (28%) of subjects at risk (if we
only consider MS when screening). The presence of cen-
tral obesity, even when defined by stricter criteria, con-
tinues selecting a population with increased CV risk,
even in the absence of MS. In these subjects the deter-
mination of IR can contribute to a better detection of the
above mentioned risk.

Of the two parameters used to define CKD, only the
presence of a low GFR was associated to IR. It did not
show statistically significant association with MS. Mi-
croalbuminuria was not associated with either IR or MS.
In previous studies both microalbuminuria and low GFR
were associated with the MS [12-20], although the rela-
tion of MS with microalbuminuria has been better estab-
lished, appearing as a diagnostic criterion in the defini-
tion proposed by the World Health Organization (WHO)
[33]. The observed discordance in our population could
be due to the fact that all our subjects had by definition at
least one MS diagnostic criterion (abdominal obesity),
thus minimising the possible differences in the preva-
lence of microalbuminuria when they were classified
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according to the presence or absence of MS. Another
reason might be that the majority of the studies men-
tioned that found a relationship with microalbuminuria
used the ATP-III criteria for the diagnosis of MS. Nev-
ertheless, Zhang et al. [15] found an association of MS
(defined with IDF criteria) with both microalbuminuria
and reduced GFR in the Chinese population. In contrast
to this, Kitiyakara et al. [18], in a study performed in
Thailand did not find an association between MS (de-
fined by IDF) and the presence of renal insufficiency
(estimated GFR <60 ml/min/1.73 m?), but found an asso-
ciation with MS when defined with the ATP-III criteria.
These authors did not report about microalbuminuria.

The hyperglycaemia criterion was not associated, in our
sample, with microalbuminuria, unlike in the Palaniap-
pan study [13], though the cut-off point for glycaemia in
that study was higher (110 mg/dl). Nevertheless, in the
model which included IR and each of the MS compo-
nents, hypertension was the strongest associated factor
with microalbuminuria, as in other published studies [12],
thus confirming the importance of hypertension in its
development. In clinical practice, the presence of micro-
albuminuria can be an indicator of early vascular com-
plications of hypertension [34,35].

In our population, hyper-triglyceridemia was the only
factor associated independently with the presence of a
low GFR. Several authors have investigated the associa-
tion between IR and renal damage [12,36]. Palaniappan
and cols. [13] reported that IR calculated by the HOMA
index is associated with an increased risk of chronic renal
disease in the non-diabetic population of the NHANES-
III. A few epidemiological studies have shown that low
concentration of HDL-cholesterol or increased triglyc-
erides are related to an increased risk of renal failure [37].
Muntner and cols. [38] found that an increased triglyc-
eride concentration and a low HDL-cholesterol predicted
a higher risk of renal failure in more than 12000 partici-
pants in the Atherosclerosis Risk in Communities Study.
A meta-analysis of clinical trials indicates that the reduc-
tion of lipid levels preserves renal function in patients
with renal insufficiency [39].

These results highlight the usefulness in clinical prac-
tice of considering parameters that are easy to obtain, as
the measurement of abdominal circumference and the
evaluation of MS. The presence of MS was associated
with CKD with even higher OR than IR. Therefore, in
the presence of MS the measurement of IR would not
add information in the determination of the prevalence of
CKD. It is necessary to emphasize that, in our population,
among the components of MS (apart from abdominal
obesity) only hypertension and triglyceride levels per-
sisted as significant markers of presence of CKD, as pre-

Copyright © 2011 SciRes.

viously reported by other authors [40].

Chen and cols [21] identified in NHANES III popula-
tion, a strong, positive, significant, and dose-response
relationship among insulin resistance, insulin level, and
risk of CKD among nondiabetic participants. This rela-
tionship was independent of age, gender, race, and other
potential risk factors for CKD. However, as pointed out
the authors, causality can not be inferred in their trans-
versal study. At this respect, in a recently published study,
in adult population in Denmark, Jeppesen et al. [41] re-
port that IR determined using HOMA index and MS us-
ing ATP-III criteria were independent predictors for car-
diovascular events after nine years of follow-up. Never-
theless MS (using IDF criteria), did not predict the de-
velopment of such events. This disagreement regarding
the clinical usefulness of MS (defined by IDF criteria)
corrected for IR, as a marker for cardiovascular risk, can
be due to the use of different methodology. Our analysis
is a transversal observational study and we use renal in-
jury markers as cardiovascular risk measurements and a
direct cause-effect relationship cannot be inferred.

Our study has several limitations. One is the selection
of the sample, as this is a sub-analysis which may not be
representative of all the patients with MS using IDF di-
agnostic criteria, because we excluded from the sample
individuals who met this criterion of waist circumference
but had glycaemia <90 mg/dl (in the DESIRE study the
inclusion criteria were waist circumference according to
IDF classification but glycaemia >90 mg/dl). Neverthe-
less it seems unlikely that a significant percentage of
these patients had MS. Second, as indicated above, this is
a transversal observational study and therefore we cannot
establish a direct cause-effect relationship, but rather
only infer the association between the presence of MS
and/or IR and CKD. So, our findings do not allow one to
determine whether insulin resistance contribute to the
initiation or progression of CKD, whether impaired renal
function contributes to the development of insulin resis-
tance, or whether insulin resistance is merely a marker
for other causes of CKD. This nevertheless does not in-
validate our study objective which was to analyze the
relation of MS with IR and the contribution of these
evaluations in the presence of abdominal obesity. Finally,
we have used an indirect measure for IR (HOMA index),
given the unfeasibility of other techniques (e.g. euglyce-
mic clamp) in a sample of this size.

In conclusion, diagnosis of MS defined by IDF criteria
is very frequent in the adult population with abdominal
obesity. IR turns out to be also very prevalent in this
population, though not showing a high concordance with
the presence of MS. The determination of IR itself does
not add any information value for the presence of CKD
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in patients with MS but may contribute to its detection in
patients with abdominal obesity without metabolic syn-
drome.

Hypertension was the main factor associated with the
presence of microalbuminuria and hyper-triglyceridemia
was the main one for a decreased GFR in our population.
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